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Intestinal epithelial cells interact with both microbes in the gut lumen and host immune cells. In 
this issue, Kaser et al. (2008) link a key mediator of endoplasmic reticulum stress, the protein 
XBP1, with survival of intestinal secretory epithelial cells and inflammatory bowel disease.Maintaining symbiotic homeostasis 
between microbes in the gut lumen and 
eukaryotic host cells is a highly complex 
and poorly understood process. It was 
recently shown that host cells sense the 
presence of microbes at this interface 
under normal homeostatic conditions and 
that signals triggered by microbes must 
be properly regulated (Rakoff-Nahoum et 
al., 2004; Turer et al., 2008). Although the 
proper regulation of host immune cells is 
known to be critical for intestinal immune 
homeostasis, recent work suggests that 
intestinal epithelial cells may also perform 
homeostatic functions. In this issue, Kaser 
et al. (2008) report a connection between 
endoplasmic reticulum (ER) stress and 
inflammatory bowel disease. They created 
mice whose intestinal epithelial cells lack 
expression of a key mediator of ER stress 
called XBP1 (X-BOX-BINDING PROTEIN 
1). These mice display a loss of secretory 
Paneth cells and goblet cells in the intes-
tinal epithelia, as well as spontaneous 
inflammation of the ileum. These obser-
vations led the authors to uncover human 
variants of the XBP1 gene that are associ-
ated with inflammatory bowel disease.
When cells are stimulated to secrete 
large amounts of protein, an excess of 
unfolded proteins accumulates in the ER, 
triggering ER stress and activating three 
proteins (IRE1, PERK, and ATF6) that 
mediate the unfolded protein response 
(Figure 1). These signaling pathways 
expand the protein folding capacity of the 
cell in order to restore ER homeostasis. If 
the ER damage is extensive or prolonged, 
cells typically undergo programmed cell 
death. The loss of key proteins of the 
unfolded protein response also results 
in so-called “unresolved ER stress” and 
apoptosis. In one of the signaling path-
ways of the unfolded protein response, 
IRE1 autophosphorylates and induces 
alternative splicing of the Xbp1 mRNA 
to allow for functional XBP1 protein pro-
duction. XBP1 is a transcription factor 
whose targets include genes encoding 
ER chaperones, oxido-reductases, ER-
associated protein degradation (ERAD) 
pathway components, and other proteins 
that aid in the adaptation to ER stress. 
There are two isoforms of IRE1: IRE1α is 
ubiquitously expressed, whereas IRE1β 
expression is restricted to the intestinal 
epithelium. Interestingly, the elimination of 
IRE1β in mice leads to increased signs of 
ER stress, increased JNK signaling (asso-
ciated with elevated programmed cell 
death and proinflammatory gene expres-
sion), and heightened susceptibility to 
experimental colitis induced by dextran 
sodium sulfate (Bertolotti et al., 2001).
To examine the role played by the trans-
cription factor XBP1 in the survival of intes-
tinal epithelial cells, the authors generated 
XBP1flox/Villin-Cre mice in which Xbp1 was 
specifically deleted in intestinal epithelial 
cells. In these mice, Kaser et al. observed 
unresolved ER stress similar to that seen 
in mice lacking IRE1β (Figure 1). XBP1flox/
Villin-Vre mice, like IRE1β knockout mice, 
were also more susceptible to experimen-
tal colitis induced by dextran sodium sul-
fate. Notably, XBP1flox/Villin-Cre mice also 
lacked Paneth cells, specialized epithelial 
cells that have the capacity to secrete 
antimicrobial peptides and the cytokine 
interleukin-1 (IL-1) in response to bacte-
ria. Kaser et al. observed that the loss 
of XBP1 resulted in apoptosis of Paneth 
cells. Furthermore, deletion of Xbp1 in gut 
Figure 1. XBP1 Deficiency Compromises Intestinal Epithelial Cell Survival and Function
Molecules derived from microbes trigger endoplasmic reticulum (ER) stress in intestinal epithelial cells. 
(Left) In wild-type cells, IRE1β and other ER enzymes trigger signals of the unfolded protein response 
(UPR) that lead to enhanced protein secretion. (Right) In the absence of XBP1 (Xbp1−/−), unresolved ER 
stress leads to increased expression of select genes of the unfolded protein response such as ATF4 and 
ATF6 and increased JNK signaling. These elevated signals increase cell susceptibility to programmed cell 
death and induce increased expression of proinflammatory genes leading to intestinal inflammation.724 Cell 134, September 5, 2008 ©2008 Elsevier Inc.
epithelia also resulted in a reduction in size 
and number of goblet cells, the glandu-
lar epithelial cells that are responsible for 
mucus secretion. These findings suggest 
that in these secretory intestinal epithe-
lial cells, the ER stress response may be 
constitutively triggered by microbes in the 
gut lumen. Intestinal inflammation in these 
mice also suggests that inflammatory 
bowel disease should be added to the list 
of disorders associated with the unfolded 
protein response (Lin et al., 2008).
Although other mice lacking Paneth 
cells do not appear to develop spontane-
ous inflammation (Garabedian et al., 1997), 
potential differences in strain background 
and in the microbiota endemic to particu-
lar mouse facilities might contribute to 
the phenotypic variation. Along with the 
recent discovery that the compromised 
survival of intestinal epithelial cells due 
to IKKγ deficiency leads to spontaneous 
colitis (Nenci et al., 2007), the phenotype 
observed in mice lacking XBP1 in the intes-
tinal epithelium reinforces the notion that 
potential proapoptotic signals in intestinal 
epithelial cells must be restricted even 
under homeostatic conditions. The type 
1 tumor necrosis factor receptor (TNFR1) 
and adaptor protein MyD88 (myeloid dif-
ferentiation primary response gene 88) 
mediate these proapoptotic signals in 
mice with IKKγ deficiency specifically in 
gut epithelial cells. Kaser et al. find that 
microbes in the gut lumen may contribute 
to these signals in mice lacking intestinal 
expression of Xbp1. Clearly, antiapoptotic 
signals must always be present within 
intestinal epithelial cells to maintain their 
survival and the integrity of the barrier 
between host and microbe.
Kaser and colleagues show that unre-
solved ER stress and increased pro-
grammed cell death both correlate with 
XBP1 deficiency in intestinal epithelial 
cells. However, little is known about how 
the unfolded protein response and apop-
tosis pathways are related and which 
critical switches regulate their cellular 
outcomes. TRAF2-dependent JNK sig-
naling is thought to be triggered by the 
IRE1-mediated arm of ER stress signals, 
with excessive JNK signaling contributing 
to programmed cell death downstream 
of TNFR1. Thus, these molecules may be 
part of the link between ER stress and 
programmed cell death. Bcl-2 family pro-
teins and caspases are also implicated 
in both ER stress and death receptor-
induced apoptosis. In addition, as with 
programmed cell death pathways, the 
unfolded protein response may be regu-
lated by cell-type-specific mechanisms.
Recent studies suggest that gut epi-
thelial cells preserve intestinal immune 
homeostasis through additional mecha-
nisms beyond those supporting survival 
and maintenance of an intact barrier. For 
example, the selective loss of IKKβ in 
intestinal epithelial cells results in defec-
tive production of the cytokine TSLP 
(thymic stromal lymphopoietin) and 
excessive T helper 1 (Th1) and T helper 
17 (Th17) cell responses to luminal para-
sites without apparently compromis-
ing gut epithelial cell survival (Zaph et 
al., 2007). Thus, in addition to preserv-
ing cell survival through an appropriate 
ER stress response, XBP1 may perform 
other homeostatic functions. Kaser and 
coworkers suggest that unresolved ER 
stress in XBP1-deficient gut epithelial 
cells causes increased JNK signaling 
and transcription of select inflammatory 
gene products. In addition, unresolved 
ER stress may cause aberrant activa-
tion of the transcription factors ATF4 
and ATF6 through the other two known 
signaling cascades of the unfolded pro-
tein response. Moreover, a recent study 
suggests a transcriptional role (unrelated 
to the unfolded protein response) for 
XBP1 in regulating metabolic responses 
in hepatocytes (Lee et al., 2008). Thus, 
it is possible that XBP1 deficiency also 
compromises the metabolism (or other 
essential functions) of intestinal epithe-
lial cells. Deconvolution of these various 
functions for XBP1 may require careful 
comparison with the phenotypes of mice 
harboring other mutations that disrupt 
the unfolded protein response.
Having determined a link between 
loss of XBP1 and spontaneous intestinal 
inflammation, Kaser et al. asked whether 
this requirement for XBP1 is relevant to 
inflammatory bowel disease in humans. 
Using a candidate gene approach, these 
investigators found single-nucleotide 
polymorphisms (SNPs) in the XBP1 
locus of human patients with inflamma-
tory bowel disease. The authors propose 
that several rare variants in the XBP1 
gene-coding sequence may contribute 
to susceptibility to inflammatory bowel 
disease. These genetic data extend the 
experimental evidence implicating XBP1 
in human intestinal homeostasis. Tar-
geted genetic studies in mice such as the 
Kaser et al. work can complement whole 
genome association studies in identify-
ing genes involved in human disease. 
As more human genes are implicated in 
inflammatory bowel disease, classifica-
tion of these genes into networks and 
their assessment in molecular studies 
should allow us to identify pathways that 
are particularly important for disease 
pathogenesis.
The study by Kaser et al. shows that 
intestinal immune homeostasis requires 
proper regulation of ER stress in intesti-
nal epithelial cells, further highlighting the 
dynamic nature of microbial interactions 
with host cells. Future work with this new 
mouse model of spontaneous intestinal 
inflammation as well as with other mice 
lacking genes specifically in gut epithe-
lial cells should shed more light on the 
roles of the unfolded protein response in 
inflammatory bowel disease.
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